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Run Il benefits from: the addition of a new
150 GeV injector and recycler
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Charm and bottom are produced copiously ...
Much more than top and exotics but much
less so than lighter flavours (s, » 60mb).

Problem:

Identify 1 B amongst > 103 QCD evts
while leaving enough bandwidth for
exotic triggers.

Imperative :

reduce background at trigger level
Increase trigger bandwidth

In order to avoid swamping rarer processes

An important contribution comes from :
systems for triggering on displaced vertices.

primary
vertex

A} B ‘\ 7
dg. . aedisplaced vertex

-
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Both detectors have been extensively upgraded to cope with increased rates

* Extended (h <15) muon system

Pentral Muon C fil{'l'-'fal Calorimeter (EH)

Wall Calorimetzr (H) Solenoid

Flug Calorimetar (EH)
Forward Mugn
-\-H"--.

Frara?
¥ I|' == ol

* new forward calorimeters /

Forward Calorimetar (E)

* new IuminOSity monitor Luminu':ji'rj:'l'vbnimr Ill

1
| tentral Outer Tracker PID
Silicon Vertex Detector

|
* Sjlicon h < 2 inemediate silicon
* System (SVT) for triggering
on displaced vertices
**critical for heavy flavour**

|I N =

N orrigne . NEW .0.F system for
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Muon coverage extended to h <2.2

eLow P, central muon scintillators * New fiber central tracker
New forward msystem

- N !mwn
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| Imechiou Svaisgy: Sicen, Flber Tracker, ' |
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| I | | | | [ | | | | | | | | | | | | | | | | |
-1a -3 3 10

(m) S pg— : -
New level 2 displaced vertex
triggering system being commissioned
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Tiggering schemes:

CDF:

Level 1: fast track trigger (XFT),
calorimeter E;
muons

Level 2 add secondary vertex trigger (SVT)
jet clustering

e.g, for B at level 1:

* Lepton + displaced-vertex track:

P.(me) >4 GeV/c, d,>120 mm, P(T) > 2 Gev/c
* two displaced-vertex tracks:

Pt(T) > 2 Gev/c, d, > 120 mm, SP;> 5.5 GeV/c
* Two muons :Pt(m > 2 Gev/c

DO:

Similar to CDF but

Muon coverage larger

Displaced - vertex track trigger still
being commissioned
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Heavy Quarkonium Production

* Run | data were in severe disagreement with early theoretical
predictions (only color singlet production).

* More recent theories better, e.g. within Non -Relativistic QCD

(NRQCD) , the Color octet model allows for production ofbin the octet

state - singlet by soft gluon emission. Fix the discrepancy -- but at

the cost of introduction of phenomenological parameters.

Resolution of this situation requires extended and diverse
measurements .

J/Y ® mr is easy to trigger on and X-section and polarization
measurments are a good testing ground for the current QCD models.

So studies of charmonium production were amongst the first to be
conducted after the Run 11 startup.

90% of the x-sect lies below the Run 1 P, threshold, so a special

effort was made to reduce this threshold.
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Charmonium production CDF Run Il Preliminary
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Improved dimuon trigger with P, threshold of 1.5 GeV/c . This includes
J/Psi with momenta extending down to O GeV/c. Taking the
kiematic/detector) acceptance into account, one measures the:

total inclusive J/Y Xx-sect:s (pﬁ ® J/IY,|lyQ/Y)< 0.6) =4.08+0.02(stat) = 0.36(syst) nb
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Polarization measurements have yet to be reported
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UpS|Ion productlon
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Cross Section per Unit Rapidit
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Comparison with CDF (Runl) data:
s BR(U® m'mi)(y|<0.4)=680+15(stat) +18(syst)+ 26(lum) at CDF for /s =1.8TeV

s XBR(U ® m"nv)(|y| < 0.6)= 749 + 20(stat) + 75(syst )+ 49(lum) At DO for Vs =1.96TeV
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* Color octet model predicts an increase in transverse
polarization with increasing PT

* Results of polarization measurements are not yet available
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B hadron production
From J/y inclusive x-sect:

A considerable fraction of J/y comes from B-hadron decay. Since this
contribution has a long decay time relative to prompt J/Y production,

CDF extracts B-hadron contribution to the J/Psi x-sect using the displaced

vertex distribution

. CDF Run |l Preliminary 5.0 < Pt{J/y)
1D T T T T T T T T T T T T
T I I T
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—— Systematic uncertainties

(Includes correlated uncerainties)

0

12 16
p-(J/y) GeV/c

s(PP® H,X,p;(J/Y)>1.25GeV /c,|y(I/Y)k06)xBr(H,® J/Y)Br(J/Y ® nm)=
(syst)nb

19.4+0.3(stat) 2:
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Then, using the well-known kinematics of charmonium produced in B
meson decays, the calculated acceptance and known branching ratios,the
production x-sect for b hadrons (H,) is extracted.

Kinematic Acceptance —_ C?FHUP" Pr?llmmé?ry —
LI [ LA L I [ ] LI L (LU
15| @ Default MC b-hadron production spactrum -

—h
9,

® Data wih statistical uncerainiies

) ) ) Systernaiic uncertainties
| — Input spectrum flat in (ptHb),y(HE)

Includes eorrelalen Lrnoe naintes)

—-

-
G|

Acceptance (1.25<pt(JA)=17 GeV/ic) per 0.2 GeVic

=
b

Y PRI I IS B |
o 10 20 a0 Al 50

dofdp,(Hy,) . Br(H, —Jy X) . Br(Jhy—sup) nb/(GeV/

20 25
p(H) GeVic p.(H,) GeV/c

=]
w
T
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m

Integrating and accounting for branching fractions, they obtain:

S (pﬁ@ bX , yb‘ <1): 17.6+ O.4(Stat)+2'5 (Syst) b for the total inclusive b-

~EE hadron x-sect
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Very good agreement with FONLL (CTEQ6M)theory
(Cacciari,Frixione, Mangano, Nason & Ridolfi, JHEPQ7, 2004, 033)

1ol

i Peoints: CDEF
| Curves: FONLL
mipgtl/¥)>1.25 QeV) BR:

19.9732 nb (CDF)

18323 nb (FONLL)

1n~d

de/dpe(1/5%) BR{I/¥+pu) (nb/Gev)

g~

Jolid histogram: MC@&NLO, 17.2 nb, 1
Dashed hisltﬂgram: MCIFHLEI. 16.4 ['llb irL

_H . . . . . . . i i I'_I
1o 9 & 10 16 20

P (/%) {GeV)
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b jet production

* Direct measurement of b - jet
production x-sect extracted
at DO from 3.4 pb-t of QCD
data

* b-jet identified by associating a
muon track with the jet:

distr. of transverse m momentum
w.r.t. combined mtjet momentum
IS compared to MC and b.g.
templates.

Agrees with Run 1 data

SQM2004

G.P - U.Udine

_Dé Run 2 Preliminary
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CDF uses displaced vertex tagging of to extract b-quark x — sect
from 150 pb-1 QCD data : 30 GeV/c < P,<210 GeV/c, 0.1<h<0.7

Reconstructed secondary
vertex mass depends on
flavour —
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Extract b-quark fraction

oure 1y .fJ-_EI'[H cross section :"u:' |:.i".[i"l i".:'.l.:. :".](' HE :'".'.:'.['[:.H:'. Ol average ['H:':'l'['[l'l:. _fl'[

Fi
Fr. Systematic unceratinty due to absolute energy scale is also shown.
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* Secondary vertex mass distribution Flavour selection favours

templates also used to extract b - dijet xsect. back-to-back jets
_Templates for Secondary Vertex Mass | |_Azimuthal Angle Between Tagged Jets |
— . — 06 —
% 0.35— CDF Run Il Preliminary ( ¥s = 1.96TeV) 'E - CDF Run |l Preliminary (Vs = 1.96TeV)
Q - LI - (stat. errors only)
%l% 03 E_ o — b jet template z| % E — Data
“IZo25F i ¢ jet template © 5, .F i Pythia CTEQ 5l
= ! o iz 04
02 T light jet template -
= 0.3
015 _ _ -
01 02—
0.05 01 -
] [ | i ik L U E
0 0.5 1 1.5 2 2.5 3 3.5 4 C , '
Secondary Vertex Mass (GeV) P 75 o E— L

. . . Ada(jetz‘iﬁ-'etZ) (rgd)
Require two secondary vertex - tagged jets with |h|<1.2. For one taggeél

jet, E-(corr) > 30 GeV, for the other, raw E; > 10 GeV

| Raw Differential Cross Section |

. CDF Run Il Preliminary (s = 1.96TeV)
Relatlve (stat. errors only)
units Data

: Pythia CTEQ 5I

0.01—
0.005—
%_|||||||||||||||||| L G SRR St Bl Bl S *
0 TO 80 a0 100 110 120 130 140 150 160

Di-Jet Invariant Mass (GeV)
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Jet - jet correlations may help to understand production mechanism:
Besides LO flavour creation, evidence of NLO contributions such as

*  flavour excitation
* gluon splitting

.

At [degrees] ' ' "~ Ad (rad)
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Fraction [/ 0.24 GeV

uds | g+ b-jets

¢ ] Secondary vertex

° 1 reconstruction used also
exploited to investigate g+
b-jet production at CDF

E.(g) > 25 GeV

Photon + b cross-section (pb)

Secondary vertex mass (Ge\f)

E e 1] M A i I I g P
CDF Run 2 Freliminany - o =
= J 1 & 300} CDF Run 2 Preliminary | E 50 CDF Run 2 Preliminary
L=66.7 pb" k5] ! s
a0t @ 250 L=66.7 pb 8 J'L = 66.7 pb’
——LO (Pythia CTEQSL) ® L0 (Pyna cTEGEL) 5 ol
30 € o0l ] - LO (Pythia CTEQSL)
[&] - apg
S
+ +=
20 < 150 F E
S 400 — ¢
(&)
10 F I o —‘!—I_ +
50 | S 10
, —e—} $
25 30 35 40 45 50 65 60 o R R G . .
Photon Et (GeV) 25 30 35 40 45 S0 55 6D 25 30 35 40 45 50 55 60

Photan Et (GeV) Photon Et (GeV)

s(b + g) =40.6 +/- 19.5 (stat.) +7.4 -7.8 (sys.) pb
s(c +g) =486.2 +/- 152.9 (stat.) +86.5 -90.9 (sys.) pb
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Eniries per 0.3 MeVic
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Theory: Cacciari & Nason, JHEP 0309, 2003,006 and B.AKniel,
SQM2004
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Charm production

CDF has measured prompt charm

meson production X-sect from
5.8 pb-ldata with dlsplaced

vertex trigger
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Cacciari et al., JHEP 0404-068, 424 (2004) .
Kidonakis and Vogt, Phys. Rev. D68, 114014 (2003) 1

* Trigger on high
P, lepton or
multijets

* BG Is main
problem

* various ways
of enhancing
signal/bg leads
to different
analyses

SQM2004
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Conclusions

Displaced vertex triggers have had a drammatic impact
data quality

New and less ambiguous data + improved theory -> better
agreement.

However, much of the improvement depends on
phenomenological parameters which will require exhaustive

testing.

New data is on the way (e.g.polarization measurements) the
scope of such measurements will increase with the

luminosity.
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